Rates of postfracture DXA and pharmacotherapy appear to be declining despite their known benefits in fracture reduction. We sought to identify factors associated with osteoporosis care among male veterans aged 50 years and older after hip fracture and to evaluate trends in rates of care with an observational cohort design using US Department of Veterans Affairs' (VA) inpatient, pharmacy, and outpatient encounters and Centers for Medicare and Medicaid Services outpatient pharmacy claims (2007 to 2014) from men aged 50 years and older treated for hip fracture (N = 7317). We used the Cox proportional hazards model with random effects for the admitting facility. A sensitivity analysis was performed for a subset of patients aged 65 to 99 dually enrolled in Medicare (N = 5821). Overall, approximately 13% of patients had evidence of osteoporosis care within one year of fracture. In the adjusted model, rural residence was associated with lower likelihood of care, and several comorbidities were associated with higher likelihood of receiving care. In sensitivity analyses of patients dually enrolled in Medicare, rural residence remained associated with lower likelihood of osteoporosis care. Overall rates of care decreased over time, but rates of DXA in the VA remained stable. These findings highlight the ongoing problem of low rates of postfracture care among a population with the highest risk of future fracture and its associated morbidity and mortality. The rural disparity in care and differences in rates of care across healthcare delivery systems illustrates the importance of healthcare delivery systems in promoting pharmacotherapy and DXA after sentinel events. Because the VA removes a majority of cost barriers to care, this integrated healthcare system may outperform the private sector in access to care. However, declining rates of pharmacotherapy imply knowledge gaps that undermine quality care.
Introduction
O steoporosis care after hip fracture should consider laboratory assessments, DXA, and pharmacotherapy. (1, 2) Fall risk reduction, exercise, and nutritional strategies are of further benefit for many. The state of osteoporosis care has been recently characterized as a "perfect storm." (3) After a period of declining incidence, hip fracture incidence appears to be increasing. (4) Unfortunately, not only do a majority of patients diagnosed with the condition fail to receive appropriate pharmacotherapy, (5) a majority of those at risk of osteoporosis are not evaluated or informed of their risk, and utilization of osteoporosis-directed therapies appears to be declining. (6) Studies examining the prevailing low prevalence of postfracture care have repeatedly demonstrated significant differences in osteoporosis evaluation, treatment, and survival rates by gender, with men faring much more poorly than women, despite the availability of DXA and effective medications. (7) Hospital admission for hip fracture serves as a cue to action for osteoporosis care, but opinions vary as to whether this care should be initiated during an inpatient stay by orthopedists, fracture liaison programs, or managed postdischarge through primary care. (8, 9) Dedicated fracture liaison programs and orthopedics-based interventions such as "Own the Bone" have the potential to improve the rates and timing of DXA postfracture. (10) Such initiatives have been shown to be costeffective mechanisms for facilitating DXA and medication initiation, but implementation requires significant organizational commitment and coordination across laboratory, imaging, primary care, nursing, and pharmacy services. (11) (12) (13) Similarly, adoption of primary care-based management of osteoporosis, though patient-centered, faces considerable and time-consuming care coordination to monitor patients across inpatient, short-term rehabilitation, pharmacy, and outpatient settings. (14) The integration of these settings in the US Department of Veterans Affairs (VA), which provides medical care for more than 5 million US military veterans, offers an opportunity to better understand the role of patient and healthcare system factors contributing to men's osteoporosis care after hip fracture. Study objectives were to: (1) assess men's likelihood of receiving osteoporosis care within one year of inpatient hip fracture care; (2) identify patient factors related to the likelihood of receiving care; and (3) ascertain whether rates of osteoporosis care among VA patients follow similar trends to those documented in the private sector. The overarching goal of this research is to develop an evidence base to improve bone healthcare delivery systems.
Materials and Methods

Setting and data sources
This study was conducted as part of a larger research program examining osteoporosis care for men who use VA primary care services. The Institutional Review Board of the University of Iowa and the Iowa City VA Research and Development Committee approved the study prior to data acquisition and analysis. In the current analysis, we examine the frequency of and time to osteoporosis care, defined as receipt of DXA or osteoporosis pharmacotherapy, among men aged 50 years or greater treated for hip or pelvic fracture (15) not associated with trauma, in VA inpatient settings from 2009 through 2013. The cohort was developed using national VA administrative data files for 2007 through 2014, accessed through the Corporate Data Warehouse on the VA informatics and computing infrastructure secure server network. Because many VA patients also receive care outside the VA, a sensitivity analysis was conducted on a subsample of men aged 65 and older who were dually enrolled in VA and Medicare. Data on services received by VA patients through Medicare were obtained from the VA Information Resource Center.
Exclusion criteria
Of the 11,105 men with hip fracture, those with other bone conditions (eg, Paget osteomalacia), spinal cord injury, hospice care, or evidence of metastatic cancer in the 24 months prior to or 6 months following the inpatient encounter were excluded (n = 604). Exclusions were also made for those men without a VA primary care encounter in the 2 years prior to the fracture (n = 986) to ensure that the cohort only included patients reliant upon the VA for care. Men with evidence of prior osteoporosis care (eg, pharmacotherapy or DXA; n = 1315) were also excluded. The analytic cohort consisted of 7317 men admitted for hip fracture at 111 VA healthcare facilities.
Outcomes
The primary outcome was defined as evidence of either DXA or osteoporosis pharmacotherapy occurring within 12 months of inpatient encounter for hip fracture. In the primary analysis, receipt of DXA was identified in VA inpatient and outpatient claims by International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes or Current Procedural Terminology (CPT) codes. Pharmacotherapy was identified in VA pharmacy files, which include all prescriptions filled by VA pharmacies. Specific drugs included alendronate, risedronate, teriparatide, ibandronate, zoledronic acid, and raloxifene, but did not include prescriptions for testosterone or calcium or vitamin D supplements. In the sensitivity analysis, we additionally identified DXA and pharmacotherapy in Medicare claims for patients dually enrolled in the VA and Medicare.
Covariates
Patient characteristics for multivariable models were identified, including patient sociodemographic information (eg, race, age, means category), year of fracture occurrence, rural residence, and comorbid conditions. Sociodemographic variables were defined using last available data on or before 2009. Rural residence was defined using rural-urban commuting area (RUCA) (16) codes assigned to patient residence zip codes, and were categorized as urban or rural. Comorbid conditions were identified using algorithms originally developed by Elixhauser based on ICD-9-CM diagnosis codes present on VA inpatient and outpatient claims incurred within 2 years prior to the index fracture. (17) Additionally, dates of death were identified from the VA Vital Status file.
Analysis
The primary outcome was receipt of either DXA or pharmacotherapy within one year of VA inpatient hip fracture encounter. An "Unknown" category was created to account for missing data in sociodemographic covariates. Unadjusted differences in patient characteristics between men who did and did not receive osteoporosis care were examined with univariate methods (ie, chi-square or Fisher's exact where appropriate). Overall survival and survival probabilities by individual covariates were examined using Kaplan-Meier methods, while censoring for death and end of the observation period (December 31, 2013). Subsequently, univariate and multivariate Cox proportional hazards models were used to estimate the hazard ratio (HR) relative hazard of osteoporosis care (and 95% CIs) associated with patient characteristics, while controlling for the admitting VA hospital using random effects (ie, frailty models). Variables included in the model building process were informed by literature review and clinical expertise. First, stepwise regression with the score option was used to determine the best subset of variables. Next, facility was included as a random variable to adjust for clustering. Finally, backward regression was utilized and covariates were removed iteratively, eliminating all variables that lacked significance at p < 0.05. As final model validation, all variables with p < 0.25 in the complete model were reintroduced into the final model to assess for statistical significance. No additional variables were retained.
Analyses were repeated for patients aged 65 and older who were dually enrolled in Medicare, and included DXA and pharmacotherapy received inside as well as outside the VA through Medicare. Comparison of rates of care by year was conducted using the Mantel-Haenszel chi-square test. Analyses were conducted using SAS Enterprise Guide version 7.1 on the VA VINCI network (SAS Institute, Inc, Cary, NC, USA).
Results
Patient characteristics and unadjusted rates of care Overall, the mean age at time of fracture was 76.8 years. The majority of patients were white (75%) and lived in urban areas (69%). The most commonly occurring comorbidities included back pain (37%), diabetes (31%), and hypertension (61%). Primary analysis identified 86.8% (n = 6349) with no evidence of osteoporosis care during the observation period (ie, up to 12 months after fracture), 31.3% (n = 1988) of whom died without evidence of receiving osteoporosis care. Of those who received care, 31.6% (n = 306) received DXA only, 19.2% (n = 186) received DXA followed by pharmacotherapy, 42.0% (n = 407) received pharmacotherapy only, and 7.1% (n = 69) received pharmacotherapy followed by DXA. Among those with evidence of care the average time to care was 101.3 days (range 1 to 364, SD 97.52). In unadjusted analyses, rural residence and age at the time of fracture were associated with care; however, race and socioeconomic status (ie, VA means testing category) were not (See Table 1 ). Diagnoses associated with greater likelihood of receiving osteoporosis care postfracture included acquired immunodeficiency syndrome (AIDs), arthritis, back pain, and nonmetastatic cancer. See Table 2 for rates of care per 1 person-month of follow-up.
Factors associated with osteoporosis care after VA inpatient hip fracture In multivariable models that included random effects for facilities, we found a decreasing trend in receipt of any osteoporosis care ( Table 3 , column 1), with the relative hazard of receiving any osteoporosis care 0.73 times as high in 2013 compared with 2009 (HR 0.73; 95% CI, 0.60 to 0.90; p < .001). This decrease was also found in a separate analysis of pharmacotherapy receipt (Table 3 , column 2), but not in an analysis of DXA (Table 3 , column 3). Age and race were not significantly associated with the receipt of osteoporosis care. Patients with rural residences were significantly less likely to receive any osteoporosis care compared with their urban counterparts (HR 0.72; 95% CI, 0.61 to 0.86; p < .001), and this relationship persisted in separate models for pharmacotherapy and DXA outcomes. Several comorbid conditions were associated with evidence of care overall: AIDs, arthritis, back pain, and nonmetastatic cancer were associated with a greater likelihood of receiving any osteoporosis care, whereas deficiency anemia and renal disease were associated with a lower likelihood of care (Table 3 ). In separate models for receipt of pharmacotherapy and DXA, AIDS, arthritis, and nonmetastatic cancer were associated with a greater likelihood of receiving pharmacotherapy, whereas AIDS, arthritis, back pain, and lymphoma were associated with a greater likelihood of assessment by DXA. Renal disease and drug abuse were associated with a lower likelihood of pharmacotherapy; fluid disorder and neurological disorders were associated with a lower likelihood of DXA.
In sensitivity analysis of men aged 65 to 99 dually enrolled in the VA and Medicare, rural residence, and renal failure, liver disease, and weight loss were predictive of not receiving care, whereas patients with arthritis and back pain had a higher likelihood of care (Table 4 ).
Trends in annual rates of osteoporosis care after VA inpatient hip fracture Analysis of the percentage of men receiving care after fracture identified no significant differences in DXA rates over time for veterans receiving care in VA or CMS settings. However, there was a significant downward trend in the rate of pharmacotherapy after fracture. From 2009 to 2013, rates decreased from 10.91% to 7.25% for dually eligible veterans and from 10.67% to 6.73% for veterans receiving care in the VA only (p < 0.001; Fig. 1 ).
Discussion
In this study to identify patient factors associated with osteoporosis care after hip fracture, we determined that, given recommendations for postfracture DXA and pharma-cotherapy, (1, 2) men's likelihood of receiving osteoporosis care within one year of inpatient hip fracture care is substantially lower than expected. Moreover, overall receipt of osteoporosis care decreased by more than 25% over the study period. These findings confirm the low rates of care for patients at risk of osteoporosis generally, and particularly among men. (5, (18) (19) (20) (21) (22) Notably, though the incidence of hip fracture in men occurs at a greater age and with far less frequency than in women, men have significantly higher postfracture mortality and morbidity, making both primary and secondary prevention efforts critical to older men's health. (23, 24) We also found that osteoporosis care rates were significantly lower among rural-residing veterans compared with urbanresiding veterans, which is consistent with other studies. (25) Rural-residing veterans reliant upon VA facilities for DXA may face transportation and geographic dispersion barriers as DXA is generally available in larger facilities typically located in urban communities. Access barriers to DXA may also be exacerbated by private sector trends towards consolidation of DXA services from freestanding clinics to centralized facilities. (26) However, the recent implementation of the Veterans Access, Choice, and Accountability Act, may improve rural
JBMR Plus (WOA) disparities in access to DXA by reducing travel burden and facilitating care in a veteran's home community. (27) Several clinical factors were associated with likelihood of care, but of those that we identified as significant, HIV and renal failure are of particular interest. The relatively greater likelihood of care for those diagnosed with HIV signals appropriate identification of men at high risk of fracture. (28, 29) The literature suggests that, despite guidelines for bone health evaluation of HIV-positive men over the age of 50, (30) healthcare providers may not be convinced of the benefits of DXA, may view bone health care as a low priority, or may lack the time to manage this condition. (30, 31) The lower likelihood of pharmacotherapy among patients with renal failure may reflect known contraindications of bisphosphonates among those with impaired creatinine clearance, (32) but the lack of association with DXA is concerning as DXA can help to quantify fracture risk in this population. (33) Our finding that the likelihood of care overall decreased over the observation period may reflect multiple factors. We note that rates of DXA in the VA were stable over the observation period, with the decrease in care observed for pharmacotherapy only. Several have argued that after reaching peak levels in 2008 to 2009, the rates of DXA have been steadily decreasing because of reductions in CMS reimbursement and decreased access to clinic-based DXA. (34) (35) (36) More recently, Gillespie and colleagues demonstrated the continuation of this DXA trend for the years 2008 to 2014. (37) The annual postfracture rates reported in our study show that, though very low, DXA rates are stable within the integrated healthcare system. Although in the private sector the low rates of care for men with hip fracture may be based in part on reimbursement or attributed to higher rates of CMS denials for male patients, (38) such mechanisms would not apply to care in the VA, where no such gatekeeping is in place. Similarly, research examining rates of osteoporosis pharmacotherapy after fracture have documented men's lower likelihood of care as compared with women, (5, 19, 22, 39) and downward trends in pharmacotherapy (22, 40) thought to be a result of media attention to two serious, but rare side effects-osteonecrosis of the jaw and atypical femur fracture. (39) Rates of pharmacotherapy in our study were similar to published estimates and underscore the importance of examining this downward trend in a system designed to minimize financial and other barriers to DXA and treatment. Given that the study cohort included only those men reliant upon VA for primary care, these findings highlight the importance of efforts to provide ongoing education in bone health evaluation and management to primary care providers and to automate the identification of hip fracture patients lacking such care. The integration of clinical data across care settings in the VA's national electronic health record is a significant quality improvement resource that could be leveraged to implement secondary prevention of fracture through formal fracture liaison programs or automated clinical reminders. Our analysis uses administrative data from a large, integrated healthcare system; however, the study is not without limitations, namely that these data do not include care provided by providers other than the VA or Medicare. Thus, it is possible that some men received care that we could not measure. Zoledronic acid coding is variable in the VA system, such that it is possible that some treatments were not captured. Although most men treated for osteoporosis in the VA are prescribed alendronate, it is possible that we are underestimating use of infusion medications within the VA. Our study examined the contribution of common comorbidities in the receipt of postfracture care, but did not incorporate all known conditions or medications associated with bone loss.
Whether one views hip fractures as sentinel events, (10) "bone attacks," (41) or considers the state of osteoporosis care as "in crisis" (6, 35) or "a perfect storm," (3) our study and others demonstrate that men are not receiving the care known to reduce their likelihood of future fractures, mortality, and related comorbidities. (1, 36, (42) (43) (44) Within our cohort of men with hip fracture, those who are older or who reside in rural areas have a lower likelihood of care. These predictors of care represent disparities to be remedied. Although the relative stability of DXA rates over time within the VA-an integrated healthcare system that reduces most financial barriers to care-is promising, the downward trend in pharmacotherapy parallels the private sector. This downward trend in the use of medications known to reduce future fracture risk should encourage caregivers to think beyond access measures to critically examine the contributions of patients' beliefs about osteoporosis (39, 45, 46) and healthcare providers' clinical ownership of bone healthcare. (10, 47) Research and Development, VA Information Resource Center (Project Numbers SDR 02-237 and 98-004). Additional support comes from the VISN 23 Patient Aligned Care Team Demonstration Lab, Iowa City VA Health Care System, Iowa City, IA, which is funded by the VA Office of Patient Care Services. None of the funding sources had any role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript; or decision to submit the manuscript for publication. The views expressed in this article are those of the authors and do not necessarily reflect the position or policy of the US government or the US Department of Veterans Affairs.
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